Background: A high number of pulmonary tuberculosis (PTB) cases have been reported from tea garden communities of Assam. Till date, no molecular epidemiological study was performed to investigate the association of candidate gene(s) with the risk PTB in this region. The present case-control study was aimed to investigate the association of vitamin D receptor (VDR) gene polymorphisms and 22 bp deletion in the promoter region of toll-like receptor 2 (TLR2) gene with the risk of PTB in tea garden communities of Assam.
| INTRODUC TI ON
Tuberculosis (TB) is a global health problem affecting 32% of the total world's population. 1 Revised National TB Control Program (RNTCP) has reported pulmonary TB (PTB) as one of the major public health concerns in India. 2 Moreover, epidemiological studies have shown that in northeastern (NE) region of India, PTB is one of the import- 2015). Molecular epidemiological studies have shown that host genetic factors significantly influence the individual susceptibility to PTB. 4 Moreover, in recent years, clinical studies have hypothesized that genotyping of immune genes in host genome may be beneficial to understand the host genetic susceptibility to PTB. 5 Thus, it is an utmost need to identify genetic factors significantly associated with the increased risk of PTB in endemic regions. 6 Earlier our epidemiological surveys revealed that low BMI (<18.5), family history of TB, and alcohol consumption significantly increased the risk of PTB in tea garden communities of Assam. 7 In this study, we examined the association of VDR and TLR2 gene polymorphisms with the risk of PTB.
Immunological studies have shown that in the host immune system, antigen presentation of M. tuberculosis is mediated through the mannose receptors (MRs) and complement receptors (CRs) present on the surface of the antigen presenting cells (APCs) followed by the activation of toll-like receptors (TLRs). 8 community from where PTB cases were found. Controls had no sign of PTB as well as their sputum smear was found to be AFB negative.
The study design was unmatched case-control study. For the present case-control study, we recruited sputum and culture positive 169 incident pulmonary TB (PTB) cases and 227 apparently healthy community controls from neighborhood of the cases.
Information on socio-demographic factors, anthropogenic measures, and dietary habits was collected from each study participant by conducting face-to-face interviews, and information gathered was recorded in a predesigned questionnaire. About 3 mL of peripheral blood was collected from each study participant in EDTAcontaining vial after getting written informed consent from them and stored at −80°C ultra-freezer until analyzed.
| DNA isolation and genotyping
Isolation of DNA for genotyping was carried out using Qiagen DNeasy(R) Blood kit (Qiagen, Germany). Genotyping of 4 polymorphisms of VDR gene viz. BsmI, FokI, TaqI, and ApaI was carried out by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), whereas allele-specific primers were used for genotyping study of TLR2Δ22 (-196-174) . The primer sequences, amplification temperature, restriction enzymes, and fragment sizes have shown in Table 1 . Briefly, the PCR was per- Table 2 .
Genotyping of TLR2Δ22 (-196-174 ) was performed using allelespecific primer pairs as described earlier. 24, 25 The amplified PCR products of TLR2Δ22 (-196-174) were run on 10% polyacrylamide gel electrophoresis (PAGE), and gel images was captured in a gel documentation system.
| Statistical analysis
To determine the association of VDR gene polymorphisms and 22 bp deletion in the promoter region of TLR2Δ22 (-196-174 OR, odds ratio; AOR, adjusted odds ratio, adjusted for age, sex and tobacco and/or alcohol consumption habit; CI, confidence interval. *Statistically significant (P < .05).
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logistic regression analyses were carried out of stratified data.
Before performing the association study, Hardy-Weinberg equilibrium (HWE) for allele frequencies was tested by using chi-squared test.
| Ethics statement
The study was approved by Institutional Human Ethics Committee of ICMR-Regional Medical Research Centre, N.E. Region, Dibrugarh.
All study participants, both cases and controls, provided their written consent to be included in this study.
| RE SULTS

| Demographic features of study participants
The present case-control study comprised of 169 newly diagnosed pulmonary tuberculosis (PTB) cases. Among 169 PTB cases, 106
cases were male and 63 were female. A total of 227 apparently healthy control study participants (134 males and 93 females) were also included in this study by organizing community surveys from neighborhood of the cases. The demographic features of both cases and controls have been tabulated in Table 3 .
| Test for Hardy-Weinberg equilibrium
Before carrying out the association study, genotypic data of 4 polymorphisms of VDR gene (BsmI, FokI, TaqI, and ApaI) and TLR2Δ22 (-196-174 ) for control samples were tested for Hardy-Weinberg equilibrium (HWE). The genotypes of BsmI (P = .948 for control), FokI (P = .864 for control), TaqI (P = .143 for control) and ApaI (P = .225
for control) and TLR2Δ22 (-196-174 ) (P = .936 for control) did not deviate from HWE. Table 4 ). This study did not reveal any significant association of TaqI and ApaI polymorphisms of VDR gene and TLR2Δ22 (-196-174 ) with the risk of PTB (Table 4) .
| Association of
Gender-specific analysis of VDR gene and TLR2Δ22 (-196-174) polymorphisms by both univariate and multivariate logistic regression analyses has shown that BsmI and FokI polymorphisms of VDR gene associated with an increased risk of PTB in both male (AOR = 3.81, 95% CI = 1. .09
| D ISCUSS I ON
Pvalues AOR (95% CI)
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Recessive T/T-T/t
OR, odds ratio; AOR, adjusted odds ratio, adjusted for age, sex and tobacco smoking and/or chewing and alcohol consumption habit; CI, confidence interval. *Statistically significant (P < .05).
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Vitamin D inhibits B-cell proliferation and differentiation to inhibit immunoglobulin secretion. 30 In vitro studies have shown that 33 Moreover, studies have shown that M. tuberculosis infection downregulates the VDR gene expression on macrophages.
34
Epidemiological studies have revealed that VDR gene polymorphism is significantly associated with an increased risk of PTB in Venezuela, 35 Iran, 36 Turkey, 37 and Han Taiwanese populations. 38 Molecular epidemiological studies have also revealed that VDR polymorphism is significantly associated with an increased risk of PTB in tribal population of Chhattisgarh and southeastern region of India.
39
One meta-analysis study, comprised of 32 studies with 4894 cases and 5319 controls, has shown that FokI polymorphism of VDR gene significantly associated with an increased risk of HIV negative PTB in Asian population, 40 whereas another meta-analysis study, comprising 15 studies with 2309 cases and 3568 controls, has explored that BsmI polymorphism of VDR gene is significantly protective of PTB in Asian population. 41 However, one hospital-based case-control study on Gujarati population lived in UK has revealed no association of VDR gene polymorphism with the risk of PTB although they have shown significant association of 25-hydroxycholecalciferol deficiency with increased risk of PTB. 13 Similarly, one case-control study from Africa has shown no significant association of VDR gene polymorphism with the risk of PTB, whereas they have shown that
BsmI, ApaI, and TaqI variants of VDR gene have strong linkage disequilibrium and significantly associated with the anti-TB treatment outcome. 42 Moreover, another study from Peru has reported that polymorphism of VDR gene is significantly associated with PTB treatment regime. 43 This study has also shown that vitamin D metabolites interact with macrophages to counter M. tuberculosis antigen through VDR in PTB patients during anti-TB treatment regime. The present case-control study has revealed that both BsmI and
FokI polymorphisms of VDR gene are significantly associated with an increased risk of PTB in tea garden communities of Assam (Table 4) .
Moreover, gender-specific analysis in the present study has also
shown that BsmI and FokI polymorphisms of VDR gene are significantly associated with an increased risk of PTB in both male and female study participants in this endemic region (Table 5 ). However, we did not find any significant association of TaqI and ApaI polymorphisms of VDR gene with the risk of PTB (Tables 4 and 5 55 and chronic hepatitis C. 56 We have also found that 22 bp deletion at the promoter region of TLR2Δ22 (-196-174 ) gene is significantly associated with an increased risk of stomach cancer 25 and breast cancer in NE region of India.
24
Moreover, molecular epidemiological studies have also shown that TLR2Δ22 (-196-174 ) significantly associated with an increased the risk of PTB. 22 However, the present case-control study did not reveal any significant association of 22 bp deletion in the promoter region of TLR2Δ22 (-196-174 (Table 6 ). Moreover, this study has also revealed that T/T genotype in TaqI polymorphism of VDR gene is significantly associated with the protection from PTB infection in those persons carrying deletion allele in their TLR2Δ22 (-196-174 ) gene (Table 6 ).
As per current knowledge, the present case-control study is the first to elucidate the association of genetic factors with the risk of PTB in tea garden communities of Assam. In the present study, we did not get any opportunity to measure the circulatory vitamin D levels in study OR, odds ratio; AOR, adjusted odds ratio, adjusted for age, sex and tobacco smoking and/or chewing and alcohol consumption habit; CI, confidence interval. *Statistically significant (P < .05).
Pvalues
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TA B L E 6 (Continued)
In conclusion, the present case-control study has revealed that BsmI ("b" allele) and FokI ("f" allele) polymorphisms of VDR gene are significantly associated with an increased risk of PTB in tea garden communities of Assam.
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